Samples collected at two different depths (ca. 3200 and ca. 4200 m) in the Setú bal and Cascais canyons off the Portuguese coast, during the HERMES RRS Charles Darwin cruise CD179, were analysed for (1) sediment biogeochemistry (TOC, TN) and (2) composition, and structural and trophic diversity of nematode communities. Multivariate PERMANOVA analysis on the nematode community data revealed differences between sediment layers that were greater than differences between canyons, water depths, and stations. This suggests that biogeochemical gradients along the vertical sediment profile are crucial in determining nematode community structure. The interaction between canyon conditions and the nematode community is illustrated by biogeochemical patterns in the sediment and the prevalence of nematode genera that are able to persist in disturbed sediments. Trophic analysis of the nematode community indicated that non-selective deposit feeders are dominant, presumably because of their non-selective feeding behaviour compared to other feeding types, which gives them a competitive advantage in exploiting lower-quality food resources. This study presents a preliminary conceptual scheme for interactions between canyon conditions and the resident fauna.
Introduction
Submarine canyons are large-scale geological formations incising the continental shelf and slope that form direct pathways from shallow water to the deep sea. They are complex systems in terms of topography, hydrography, and sedimentology and are typified by enhanced organic enrichment, greater hydrodynamic activity (Palanques et al., 2005; Canals et al., 2006; Palanques et al., 2006) , high sedimentation rates and occurrence of resuspension event (van Weering et al., 2002; De Stigter et al., 2007) , and a great deal of habitat heterogeneity compared to open continental slopes (Tyler et al., 2009 ). These characteristics impact faunal assemblages on various spatial and temporal scales Lamont et al., 1995; Duineveld et al., 2001; Levin and Gooday, 2003; Curdia et al., 2004; Baguley et al., 2006; Skliris and Djenidi, 2006; Garcia et al., 2007; Company et al., 2008; Danovaro et al., 2009; Ingels et al., 2009; Bianchelli et al., 2010; De Leo et al., 2010; Duros et al., 2011) , and can often result in dominance of a limited number of species (Thorne-Miller and Catena, 1991) , high biomass and abundance (Vetter and Dayton, 1998; Duineveld et al., 2001; Baguley et al., 2006; Skliris and Djenidi, 2006) , and reduced diversity and equitability Van Gaever et al., 2009 ). An increasing number of studies are reporting the relative importance of environmental factors in regulating canyon communities (e.g. Duros et al., 2011) , but only few studies have compared different canyons (Danovaro et al., 2009; Bianchelli et al., 2010) . Yet, such studies will allow a better understanding of how particular environmental factors in canyons control the structure and function of benthic communities.
The EU FP6 HERMES programme focussed particular attention on the Western Iberian Margin (WIM). The WIM consists of a gently sloping narrow shelf connected to a relatively steep continental slope incised by several large submarine canyons, of which the largest and most active canyon, the Nazaré Canyon, has been studied extensively (Arzola et al., 2008; Tyler, 2008; Lastras et al., 2009) . In this study, we focus on two other major canyons on the WIM, the Setú bal and Cascais canyons. Benthic biology studies for both these canyons are limited Lamont et al., 1995; Koho et al., 2008;  Pattenden, 2008; Amaro et al., 2009 ) and have generally focussed on individual localities within one canyon. It is becoming increasingly clear that the environmental variability of different canyons and even within one canyon system strongly influence the characteristics of the benthos (Tyler et al., 2009) . Various hydrographic processes in and in the vicinity of canyons intensify slope-shelf exchange of water, sediments, and organic material. This is for instance illustrated by dense water cascading whereby strong currents affect canyon organisms and nutrient transport to the deeper parts of the canyon system (Company et al., 2008) . Also, enhanced primary productivity as a result of upwelling of nitrate-rich waters has been observed, leading to increased food availability for canyon benthos (Skliris and Djenidi, 2006) , which is consequently responsible for high abundances and biomass of canyon fauna. So there is some understanding that relatively large-scale processes that are associated with canyons define the benthic assemblages present and that these may differ significantly among canyons. However, it has become increasingly clear that the sedimentary biogeochemical environment exerts a significant control on the standing stock and composition of the meiobenthos Duros et al., 2011) and sedimentary conditions may vary on a scale of centimetres. Whether such smallscale variability translates into standing stock and community differences that transcend differences between canyons remains undocumented.
The meiobenthos is an important component of the benthic fauna, particularly in the deep sea. Their high abundances and relatively rapid reproduction rates, together with limited dispersal abilities, suggest they are useful organisms for assessing the effects of environmental conditions on benthic communities (Coull and Chandler, 1992; Thistle and Levin, 1998; Thistle et al., 1999; Schratzberger et al., 2009) . In this study, the nematode fauna (most abundant taxon in the metazoan meiofauna) of the Setú bal and Cascais canyons are studied in relation to biogeochemical factors and environmental information to investigate the impact of different canyon conditions on nematode structural and functional diversity. The differences in standing stocks, biomass, and community composition between canyons, water depths, and along the vertical sediment profile are compared and tested to see which factor exerts the greatest control on the nematode community. Of particular interest are the linkages between the nematode community characteristics and processes of sediment deposition, burial, and hydrodynamic disturbance.
Material and methods

Study area and sampling
The WIM consists of a nearly flat, relatively narrow shelf (20-50 km wide), leading at the shelf break (100-200 m water depth) to a steep continental slope (Weaver and Canals, 2003) . The relatively short and sinuous Cascais Canyon begins at the shelf edge southwest of the mouth of the Tagus Estuary and extends down to the abyssal plain at depths exceeding 4600 m (for detailed description of morphology, see Lastras et al. (2009) ). Although the Cascais Canyon is not connected directly to a river system , there are indications that the head of the canyon receives input from the Tagus River (Jouanneau et al., 1998; De Stigter et al., 2011) . Sampling site CasM was situated in the upper part of the middle canyon section (2200-4510 m), characterised by a steep slope and a wide axis . The northern wall is incised with numerous gullies whilst the southern wall is more smooth, and here the axis is much wider than at the shallower parts . The deep sampling site in the Cascais Canyon (CasD) was located in the lower middle canyon section (Fig. 1) . Here, the slope shows strong evidence for erosion .
The Setú bal Canyon cuts the continental shelf at 150 m water depth in the vicinity of the mouth of the Sado River estuary, and extends to the abyssal plain at depths exceeding 4800 m. This canyon receives input from both the Tagus and Sado rivers ). Sampling site SetM was situated in a narrow V-shaped canyon section typified by steep walls and high sinuosity. The deeper Setú bal sampling site (SetD), in contrast, lay in a wide, U-shaped section of the canyon with steep flanking walls, which seemingly lacked an incised thalweg channel (Arzola et al., 2008) .
To date, no detailed studies have been published on the hydrodynamic activity of the Setú bal and Cascais canyons, but time series observations of near-bottom hydrodynamics and turbidity from benthic landers, and evidence from foraminiferan biomass and community differences, indicate that sediment disturbance is less common in the Setú bal Canyon compared to the Nazaré Canyon (Koho et al., 2008; De Stigter et al., 2011) . Comparable sedimentation regimes have been observed for both Setú bal and Cascais canyons, accumulating sediment in their upper courses and with limited down-canyon transport . In contrast, Pusceddu et al. (2010) reported that the Cascais Canyon, similar to the Nazaré Canyon, can be seen as a down-margin conveyor of high quality organic matter, but a lack of temporal replication may have biased their conclusion. Observations from video transects (Billett, 2006; Pattenden, 2008) indicate that the middle Setú bal Canyon station was characterised by soft sediments and high current activity, as inferred from the presence of sediment ripple forms. Gage et al. (1995) , however, deduced from in-situ observations that the bottomcurrent energy in this area must vary periodically. In the deep Setú bal Canyon (ca. 4400 m), current measurements for a period of 8 months indicated the presence of a variable current regime with an average current speed of more than 8 cm s
, and with surprisingly strong spring tide peaks often exceeding 50 cm s À 1 , well above the threshold for resuspension of fine-grained sediment . In the Cascais Canyon, turbidity and current velocity were higher in the deep canyon section (ca. 4500 m) relative to the middle canyon section (3100-3500 m), but no ripple bedforms were observed and boulders were covered in a sediment drape, suggesting a lack of strong currents in recent times (Pattenden, 2008 
Environmental variables
Total organic carbon (TOC) and total nitrogen (TN) were determined on duplicate samples at all stations every centimetre down to 5 cm. Samples for TOC analyses were acidified using the acid vapour method of Yamamuro and Kayanne (1995) ; TN in these samples was determined without acidification. The samples for TOC and TN were analysed using a CE Instruments NC 2500 CHN analyser (mean value quoted here, all values within 10% of the mean).
Meiofauna and nematodes
For meiofauna and nematode analyses, 3 replicate cores were taken at each station. Each core was divided onboard into 1 cm layers down to 5 cm sediment depth and preserved in 4% boraxbuffered formalin. In the lab, the sediment layer samples were carefully washed through 1000 and 32 mm sieves, retaining the 32-1000 mm fractions. These were subsequently centrifuged three times with the colloidal silica polymer LUDOX HS (Heip et al., 1985) to elutriate the meiofauna. The samples were then stained with Rose Bengal and stored in 4% neutralised formalin. All metazoan meiobenthic organisms were classified at higher taxon level (following Higgins and Thiel, 1988) and counted under a stereoscopic microscope. 100-150 nematodes per sediment layer were picked out randomly, transferred to glycerine (Seinhorst, 1959) , and mounted on glass slides. Nematodes were then identified to genus level using Platt and Warwick (1988) , relevant taxonomic literature from Ghent University library, and the NeMys database (Deprez et al., 2005 ; nemys.ugent.be). When a specimen could not be ascribed to a genus, it was grouped within the appropriate family to account for its presence in the sample. Specimens belonging to the family Monhysteridae were identified according to Fonseca and Decraemer (2008) . All individuals were assigned to one of the five trophic groups (selective deposit feeders (1A), non-selective deposit feeders (1B), epistratum feeders (2A), and predators/scavengers (2B), after Wieser (1953) and chemosynthetic nematodes that are characterised by a degenerated digestive system and the presence of endo-symbiotic micro-organisms. Nematode length (excluding filiform tail tips) and maximum width were measured using a Leica DMR compound microscope and Leica LAS 3.3 imaging software. The data were used to calculate nematode wet weight (wwt) (Andrassy, 1956) . A dry-to-wet ratio of 0.25 was assumed to calculate nematode dry weight (dwt) (Heip et al., 1985) . In order to calculate total biomass in different trophic groups, sediment layers, and sampling stations, the nematode biomass was averaged for each genus and multiplied by their respective densities.
Data analysis and diversity measures
Differences in nematode communities between canyons, water depths, and sediment layers were analysed using a multivariate analysis of variance by permutation (PERMANOVA; Anderson, 2005; Anderson et al., 2007) . The data set required a three-way, fixed-effect, fully crossed design (factors: canyon, water depth, and sediment depth) designed in PERMANOVAþ for PRIMER (Anderson et al., 2007) . For this analysis, replicate samples were averaged using standardised, square-root transformed data to account for the permutation assumption of independent samples. Averaging replicated samples provided a much tighter estimate of the community at a particular location, depth, and sediment layer. By removing the replicate level, leaving no residual degrees of freedom in the design, the residual used to test differences includes three-way interaction effects and is in fact an overestimation of the true residual, leading to a conservative test in which significant results are emphasised. Bray-Curtis similarity values were used as resemblance measure. To visualise the structural patterns of the community and to complement the PERMANOVA results, three non-metric MDS plots were constructed using relative abundance data averaged over replicates and water depths, over replicates and canyons, and over replicates.
To reveal which genera mainly determine similarity or dissimilarity between canyons and water depths, a two-way crossed SIMPER analysis was performed in PRIMER on samples averaged per station. Complementing the community PERMANOVA analysis with MDS visualisation (to interpret visually the PERMANOVA results) and a SIMPER analysis, a sound ecological analysis can be performed (Anderson and Willis, 2003) . In addition, a univariate PERMANOVA analysis was done on fourth-root transformed biomass data, using Euclidean distance as a resemblance measure.
To assess structural diversity, Hill's diversity indices (Hill, 1973) , and estimated number of genera (EG(51), Rarefaction after Sanders, 1968) , were calculated and averaged over replicates. Hill's (1973) numbers (H 0 , H 1 , H 2 , and H inf ) were used because they are variably dependent on relative genera abundances (i.e. with increasing order, they become less sensitive to the rare, and more sensitive to the more abundant genera) and thus cover both genus richness and evenness or equitability (Heip et al., 1998) . Functional diversity was measured by calculating trophic diversity (here calculated as the reciprocal value of the trophic index (Y À 1 ) by Heip et al. (1998) , so that higher values correspond to higher trophic diversity).
In addition to average diversity values, genus richness and a genus diversity estimator were calculated based on pooled data.
We computed the Chao abundance-based coverage estimator (ACE) on genera abundances using EstimateS (Collwell, 2005) . This estimator is mainly based on the abundances of genera with between 1 and 10 individuals (Chao and Lee, 1992; Colwell and Coddington, 1994; Magurran, 2003) , and is hence dependent on the equitability of the community sampled. ACE and other estimates of asymptotic richness are especially important when it is impractical or even impossible to sample rich communities, such as deep-sea nematode communities, exhaustively (Gotelli and Colwell, 2001 ). However, it must be noted here that asymptotic richness estimators provide lower-bound estimates for taxon-rich groups in which observed richness rarely reaches an asymptote, despite intensive sampling (Gotelli and Colwell, 2001) .
For analysis of the geochemical variables (TOC, TN, C:N), separate univariate PERMANOVAs were performed on normalised data with averaging over duplicates. The same design was used here as for the community analysis, but Euclidean distance served as a resemblance measure.
Results
Characterisation of the environment
Results from the TOC analysis show that roughly 1% of the bulk sediment is organic carbon with TOC% values declining with increase in sediment depth. TOC values ranged from 0.84% to 1.31%, TN ranged from 0.11 to 0.21, and C:N ranged from 5.23 to 9.21. The univariate PERMANOVA results based on geochemical 
Meiofauna
A total of 22 meiofauna higher taxa were observed, 19 in the Cascais Canyon and 20 in the Setú bal Canyon (Table 4) . The highest meiofauna abundance occurred at station CasM (841799 ind. 10 cm À 2 ), whilst at stations CasD, SetM, and SetD abundances were 5177184, 5807258 and 5727110 ind. 10 cm À 2 , respectively (Table 3 , Fig. 2) , with great differences among replicates. Nematodes were the dominant group at all stations (84.5-90.2%), followed by copepods (4.0-5.6%) and nauplius larvae (3.3-7.6%). Nematodes appeared more dominant at the deeper canyon stations (ca. 90%) compared to the middle stations (ca. 85%); an opposite trend was observed for nauplii and copepods (Table 4) .
3.3. Nematoda 3.3.1. Structural diversity and community differences From a total of 6379 identified nematode specimens, 140 genera were found. Of the two canyons, Setú bal seemed most diverse with 120 genera whilst in the Cascais Canyon 100 genera were identified (Table 5 ). In the Setú bal Canyon, genus richness was high (91 and 93, for SetM and SetD, respectively), but only 64 genera occurred at both depths. In the Cascais Canyon, genus richness at the deeper station was poor (72) compared to the middle site (92); also in the Cascais Canyon, 64 genera were shared between the two sites.
The dominant genera at all stations was Acantholaimus (13.3-20.8%), followed by Halalaimus (9.4-12.2%), Thalassomonhystera (4.9-17.2%), and Monhystrella (6.3-10.7%) ( Table 6 ). Sabatieria was present in high relative abundances at CasD and SetM (2.9 and 9.4%, respectively) compared to CasM and SetD (1.1 and 1.0%, respectively). The SIMPER analysis revealed dissimilarity values of 54.7% for the Cascais and Setú bal canyons (across water depth groups), and 55.9% for different water depths (across canyon groups, Table 7 ). Deeper stations seemed more similar to each other (56.0%) than the middle-depth stations (48.5%). The genera contributing most to the similarity values were similar across different groups: Acantholaimus, Halalaimus, Thalassomonhystera, and Monhystrella. The genus Sabatieria was the main contributor to dissimilarities between water depths and canyons (Table 7) .
The PERMANOVA results based on community data indicate a significant effect of station (Canyon Â water depth), water depth, and sediment depth on the community structure (p o0.05, Table 8 ), which is clearly illustrated by the distance between the averaged sampling points on the different MDS plots of Fig. 3 . The community at station SetM was most diverse for averaged structural diversity measures ( Table 9 ). The OGR and ACE indicate the SetD station as most diverse (Fig. 4) . Station CasD harbours the least diverse communities, in terms of richness and equitability (H 0 , H inf , OGR, and ACE; Table 9 , Fig. 4 ).
Trophic diversity
Apart from a decreasing trophic diversity with increase in sediment depth at station SetM, there were no obvious trends. At station SetM, the relative abundance of the non-selective deposit feeders increased with increase in sediment depth. Some individuals of chemosynthetic nematodes (lacking mouth, possessing a rudimentary gut, and containing symbiotic micro-organisms) were recovered from CasM and SetD samples. Chemosynthetic nematodes aside, predators/scavengers (2B) were the least abundant group at all stations. Relative abundances of selective deposit feeders (1A) and epistratum feeders (2A) did not differ greatly between stations. (Fig. 2, Table 10 ) or sediment depth layers (Fig. 6, Table 10 ). When partitioning biomass between the different feeding groups at each station, it became clear that some feeding groups contributed more to total biomass than others. At CasM, CasD, and SetM, different trophic groups dominated at different sediment layers but no consistent pattern emerged. At station SetD, there were no obvious differences between feeding type contributions to biomass. In addition, clear differences in biomass between feeding types at all stations were mainly present in the deeper layers of the sediment (Fig. 6 ).
Discussion
Sedimentary environment
According to De Stigter et al. (2007) , the Nazaré Canyon is an active conduit for transport of sediments from shallow waters to the deep sea and is characterised by enhanced levels of suspended particulate matter and very high sedimentation rates. In contrast, lower concentrations of pelagic suspended matter and lower depositional fluxes in the Setú bal and Cascais canyons imply less active processes of sediment resuspension and down-canyon sediment transport compared to the Nazaré Canyon (Koho et al., 2008; García et al., 2010) . This is confirmed by de Stigter et al.
(unpublished results, 2011) who argue that these canyons' larger distance from the shore compared to the Nazaré Canyon and the protection by the Cape da Roca and Cape Espichel headlands may preclude the interception of along-shore sediment transport which, in turn, may limit sediment supply, and subsequent gravity flows and resuspension. This is supported by the presence of coarser sediments (lower clay and higher sand fractions) in the Nazaré canyon compared to the Setú bal and Cascais canyons at similar water depths (Ingels et al., 2009, accepted) . In addition, while the Nazaré Canyon is influenced by storms and large waves dominating from N and NW directions (Martín et al., 2011) , resulting in intense currents and internal waves affecting sediment processes in the canyon (Quaresma et al., 2007) , the Setú bal and Cascais canyons are less exposed to these storms because they are protected by prominent coastal capes.
Sedimentary TOC and TN contents differed significantly (p o0.01) between the Setú bal and the Cascais canyons ( Table 2 ), implying that quantity of the sedimentary OM varies between both canyons. Differences in molar C:N ratios between the two canyons were not significant (p ¼0.55, Table 2 ), suggesting variability between within-canyon samples. Molar C:N ratios of fresh marine phytoplankton are ca. 6-7, but may be significantly lower if protein-rich organisms (e.g. bacteria/zooplankton) dominate (Redfield et al., 1963; Bordovskiy, 1965) , or higher if their remains are degraded. Typical terrestrial C:N ratios are 410, with the exact ratio largely depending on the specific plant source (Wada, 1987; Middelburg and Nieuwenhuize, 1998 ). Molar C:N values were similar in the Setú bal and Cascais canyons (Table 1) , and lower than in the Nazaré Canyon, which has higher amounts of terrigenous matter based on molar C:N ratios (Nazaré Canyon: 8.4-13.4, Setú bal and Cascais canyons: mean total core C:N value of 7.7 and 7.9, respectively; also see Kiriakoulakis et al., 2011 for a discussion) and stable isotopes . At station SetD, molar C:N ratios for the sediments between 1 and 4 cm sediment depth were quite low (6.6-6.8) and typically reflect marine OM. High TOC and TN levels throughout the vertical profile at this station suggest the presence of an area of intense sedimentation and burial events. Rapid episodic sedimentation may result in burial of OM in deeper sediment layers and usually reduces oxygen exposure time in the sediments. Subsequently, low oxygen conditions develop, limiting the degradation process, which can lead to the preservation of OM. Such an event may have occurred at SetD, which would explain the TOC, TN, and C:N results. The fact that disturbance events are rare in deeper Setú bal Canyon, as argued by De Stigter et al. (2011) , means that the observed conditions may remain for prolonged periods of time.
TN values generally decreased with increase in water depth (Table 2) , and the observed differences tested significantly between canyons and between stations (Ca, Ca Â WD, Table 3 ). Table 7 Results from analysis of similarities and species contributions (SIMPER) indicating (dis)similarity between canyons and water depths, and discriminating genera contributing most to (dis)similarity values. Individual genus cut-off level was 9% for similarity analysis, and 3% for dissimilarity analysis. As the sediment is intermittently transported down-canyon through sediment resuspension and transport processes, OM decomposition tends to lower TN content and increase C:N values because of the preferential removal of labile, proteinaceous (i.e. N-rich) marine OM (Cowie and Hedges, 1992; Aller et al., 1996; Prahl et al., 1997; Aller and Blair, 2004) . This is supported by increasing proportions of terrestrial biomarkers towards the mouth of both canyons; a clear indication of accumulation of more refractory, terrigenous material in the deeper parts of the canyons (Kiriakoulakis et al., 2011).
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Drivers for nematode abundance and biomass
In the deep sea there is a tendency for meiofauna abundance and biomass to decrease with decrease in food availability (Vincx et al., 1994) . Areas with relatively higher carbon input such as canyons can exhibit high faunal standing stocks (Soetaert et al., 1991; Lampadariou and Tselepides, 2006; Ingels et al., 2009 ). For example, in the Nazaré Canyon meiofauna densities attained 264-1443 ind. 10 cm À 2 for the 3000-4400m depth range (Soetaert et al., 2002; Ingels et al., 2009; Bianchelli et al., 2010) , whilst on the open continental slope off southern Portugal densities of 16-567 ind. 10 cm À 2 were observed at similar depths (Rachor, 1975; Garcia et al., 2007; Ingels et al., 2009; Bianchelli et al., 2010) . For the Setú bal and the Cascais canyons such a food effect was not clear. Average meiofauna densities in these canyons reached 517-841 ind. 10 cm À 2 , nematode abundances similar to those on the slope (481-554 ind. 10 cm 2009). So there does not seem to be a large contrast in terms of nematode standing stock between the slope and these two canyons, supporting the observations of Danovaro et al. (2009) and Bianchelli et al. (2010) . Another factor affecting nematode abundance and biomass is hydrodynamic disturbance. This is illustrated by the very low densities ( o100 ind. 10 cm 2 ) observed by Garcia et al. (2007) for the Nazaré Canyon axis and by Van Gaever et al. (2009) for the bottom of the Congo Channel, where it is very likely that high levels of currents and sediment disturbance preclude the establishment of an abundant meiobenthic community. The PERMANOVA results indicated that there are no significant biomass differences between the two canyons, stations, and sediment layers, but biomass is significantly different between water depths (Table 10) . Lower biomass values in the deeper range of the canyons suggest limited food availability compared to the shallower end of the canyons. This is supported by de Stigter et al. (unpublished results, 2011) who document the limited down-canyon transport of sediments and organic matter, but may also be related to the larger distance from the shelf break where intensive upwelling and increased surface production occurs. Pusceddu et al. (2010) report a lower quality of sedimentary OM in the deeper Cascais Canyon compared to similar depths in the Nazaré Canyon.
Drivers for nematode compositional differences and structural diversity
The PERMANOVA results based on nematode community data show significant differences between water depths, stations, and between all sediment layers (po0.05). The MDS plots in Fig. 3 (A-C) clearly illustrate the extent to which sediment layer differences exceed the (A) canyon, (B) water depth, and (C) station differences in terms of community composition (as indicated by the p value in Table 10 ), since the total distance between different sediment layer points is consistently greater than the distance between points of both canyons, both water depths, or all four stations. Moreover, the better spatial clustering of the 0-1 cm layer points compared to the deeper layer points in all three MDS plots indicates that genera assemblage differences are more prominent in the deeper sediment layers. The dominating sediment-depth effect suggests that gradients along the vertical sediment profile have a greater impact on nematode community structure than differences between water depths, canyons, and stations (pressure, OM input, hydrodynamic activity, etc.). A sediment depth effect that prevails on other gradients was also observed for the Nazaré Canyon and the adjacent slope (Ingels (Soetaert et al., 1995) . The effect of sediment depth on nematode community structure is most likely related to the differential response of nematode genera to biogeochemical gradients along the vertical profile. Alternatively, the variable aptitude of nematode species to penetrate into deeper sediment layers may also explain differences in the vertical profiles among groups Vanaverbeke et al., 1997b) . More detailed differences between the two canyons and the water depths was illustrated by the SIMPER results, exhibiting dissimilarity values of 454%. The genus Sabatieria seemed to contribute most to this dissimilarity with contributions 410%. Increasing proportions of Sabatieria are usually associated with increasing levels of sediment disturbance, possibly due to their resilience to burial, and also decreased benthic oxygen availability (Vanreusel, 1990; Vincx et al., 1990; Steyaert et al., 1999; Steyaert et al., 2007; Schratzberger et al., 2009) . Sabatieria was more abundant at SetM (9.5%) than the other stations (1.0-2.9%), which may suggest higher levels of sediment burial and/or oxygen limitation at this station. The high levels of TOC at station SetM compared to the other stations imply recent burial or low OM decomposition rates that are usually related with lowoxygen environments (see Section 4.1, Table 2 ) and support this hypothesis. A similar situation was observed for the Nazaré Canyon , where the dominant presence of Sabatieria in the canyon and its absence at the adjacent slope were indicative of reduced oxygen availability as a consequence of burial and greater availability of OM below the oxic zone in the canyon. The occurrence of the genus Astomonema in deeper sediment layers at CasM and SetD suggests the presence of a reduced environment at these stations, since these nematodes are dependent on bacteria in their body that feed on sulphides and are typical inhabitants of sulphide-rich environments (Giere et al., 1995; Ingels et al., accepted) . This corroborates the assumption of oxygen limitation a few centimetres down in the sediment. However, only two Astomonema individuals were found at these stations, so their importance as indicators remains uncertain in this case.
The dominance of the genus Acantholaimus at all stations (13.3-20.8%) was striking. Acantholaimus is considered a typical deep-sea genus within the free-living marine nematodes, occurring in continental slope and abyssal sediments worldwide. High Acantholaimus densities were associated with very low chl-a levels as stated by De Mesel et al. (2006) for Antarctic shelf sediments and the same was true for the Aegean Sea (Lampadariou and Tselepides, 2006) . In addition, Acantholaimus abundance was found to increase with increase in water depth, concomitantly with decreasing food availability (Vanaverbeke et al., 1997a (Vanaverbeke et al., , 1997b Muthumbi et al., 2004) . The inverse correlation of Acantholaimus with chl-a, together with its restricted colonisation abilities (Lee et al., 2001) , has lead to Acantholaimus being considered as persisters rather than colonisers (for definition ''persisters'' and ''colonisers'' see Bongers et al., 1991; De Mesel et al., 2006) . In these canyon sediments, where OM seems to be of relatively low nutritional quality and sediment disturbance regimes attain moderately higher levels than on slopes or the abyssal plain, such a strategy may be favourable. Furthermore, in environments with enhanced bottom current activity, there is an increased risk of nematodes getting washed out of the surface sediments.
Acantholaimus seems well adapted to such environments, as they can use their often numerous and stout setae and their typically long tail to avoid resuspension. This was also the case in the deep Nazaré Canyon, where Acantholaimus was much more abundant than on the slope at similar depth (31.3% and 13.6% relative abundances, respectively; Ingels et al., 2009) .
The nematode community at station SetM was most diverse according to the averaged structural diversity indices while the observed genus richness (OGR) and the Chao abundance-based coverage estimator (ACE) indicated that respectively, the stations SetD and CasM Canyon harboured the most diverse communities. Genus richness measures based on pooled genera abundance data (OGR and ACE, Fig. 4) yield higher values than when the replicates are averaged (structural diversity indices, Table 9 ) because different replicates from one particular site do not share all genera present at that site. This is a well-known phenomenon in deep-sea nematode community studies, where a high number of single-occurrence genera are observed in samples. However, the discrepancy between these two ways of measuring diversity indicated that even though the community at station SetM had more genera per replicate (high mean H 0 ), it is characterised by fewer low-occurrence genera (o10 individuals per genus, cf. ACE calculation) compared to the CasM, and hence a lower equitability or evenness. In contrast, the most common genus (Acantholaimus) at SetM was less dominant than in the Cascais Canyon as implied by the higher H inf values at station SetM compared to the other stations. So it remains equivocal which community is most diverse or evenly distributed. The pooling of replicate samples, especially in nematode studies, will give a more realistic view on community genus richness at a particular site. This is consistent with the community PERMANOVA results, which indicated that sediment depth controls community variability. The lack of significant diversity differences caused by high replicate variability of the structural diversity values favours the use of OGR and ACE to compare station diversity differences. ACE is partially dependent on the evenness of the community (as do Hill's diversity numbers) and offers great potential for estimating diversity in rich communities (Chazdon et al., 1998; Magurran, 2003) , such as deep-sea nematodes.
Differences in both genus diversity and evenness between the stations, as measured by OGR and ACE, indicate that the CasD community is the least diverse and evenly distributed. These results are consistent with the expectation that low nematode diversity and unevenness reflect greater disturbance at CasD where there is greater hydrodynamic disturbance than at CasM (Billett, 2006; Pattenden, 2008; De Stigter et al., 2011) . The presence of gullies and erosive grooves just north of station CasD may indicate the presence of highenergy currents, and supports this hypothesis. Van Gaever et al. (2009) found that rigorous hydrodynamic disturbance and low food availability reduces nematode diversity and evenness in the Congo Channel system (H 0 ¼4À19, H 2 ¼2.8À3.8) and similar conclusions were made by Garcia et al. (2007) for the Nazaré Canyon axis (H 0 ¼55). However, near-bottom flows causing erosion and/or resuspension of the sediment could create patchiness by decreasing the abundance of meiofauna on a scale that promotes diversity (Grassle, 1989) or by preventing competitive exclusion by dominant species in an assemblage (Schratzberger et al., 2009 , and references therein). On the other hand, stronger or more frequent current disturbance could lower diversity by destroying the small-scale patchiness that maintains it (Thistle, 1998) . In addition to hydrodynamic activity, oxygen availability in the sediments also plays a crucial role in maintaining meiofaunal diversity. Anoxia or reduced conditions have a negative effect on nematode diversity and evenness (Vanaverbeke et al., 2002 (Vanaverbeke et al., , 2006 . This is manifested in this study by the abundance of Sabatieria at SetM, where high sub-surface TOC concentrations are high, suggesting OM burial and subsequent reduced conditions. In general, the Setú bal and Cascais canyons exhibit greater nematode diversity than the Nazaré Canyon (Setú bal H 0 : 120, Cascais H 0 : 121, Nazaré H 0 : 100 , Nazaré Canyon axis H 0 : 55 (Garcia et al., 2007) ), indicating that environmental conditions are more favourable for a high-diversity nematode community in the former canyons than the latter. In fact, diversity in the Setú bal and Cascais canyons was very comparable to diversity at the Iberian slope (H 0 : 122; Ingels et al., 2009) . Therefore, it is unlikely that sediment disturbance and the quantity and quality of sedimentary food sources in these canyons have a negative impact on the establishment of diverse nematode communities.
Drivers for nematode trophic diversity
Although variability between replicates was relatively high, average Y À 1 were higher in both canyons when compared to the Iberian open slope and very similar to average values for the Nazaré Canyon ). This implies a higher trophic complexity in the deep sections of the Portuguese canyons compared to the slope at similar depths. At all stations apart from CasD, non-selective deposit feeders were the dominant trophic group. These nematodes are able to explore a broad range of food sources like bacteria, ciliates, microalgae, and detritus, giving them an advantage over other feeding guilds (with usually more limited food preferences, Moens and Vincx, 1997) when fresher food sources become limited. This is supported by the observed increase in relative abundance of non-selective deposit feeders with increasing sediment depth at stations CasM and SetM (Fig. 5) . It is likely that non-selective deposit feeders can outcompete the other trophic groups in deeper sediment layers because of their 'opportunistic', non-specific feeding behaviour. In contrast, in the Nazaré Canyon the high trophic complexity was attributed to the relatively higher proportions of predatory and scavenging nematodes sustained by the very high nematode numbers and standing stock, and concomitant high levels of preserved OM deeper in the sediment ). The meiofauna results corroborate the findings for macrofauna communities in the canyons studied. Macrofauna communities in the Setú bal and Cascais canyons were dominated by one polychaete species of the spionid family (Paterson et al., 2011) . Spionids from shallow-waters are known to feed at the sediment-water interface on suspended or deposited particles (Dauer et al., 1981; Dauer, 1985) , but also ingestion of a wide variety of embryos, larvae, and juveniles of invertebrates has been observed (Dauer, 1983) . High availability of sediment detritus and resuspended material is usually efficiently exploited by spionid species and provide them with a competitive advantage over other invertebrates. A dominance of deposit feeders in response to enhanced sedimentary food levels (POC, nitrogen, and chloropigments) compared to the slope has also been observed in the Whittard Canyon where 57-79% of the community were deposit feeders at comparable depths to the present study (Duineveld et al., 2001) .
The decrease of Y À 1 with sediment depth at station SetM is explained by an increasing dominance of the non-selective deposit feeders deeper in the sediment as illustrated in Fig. 5 (where curves tend to join each other, a higher trophic diversity is expected, whilst a divergence will result in lower trophic diversity). This was not the case at station CasD, where Y À 1 varied little with increasing sediment depth. Compared to many other genera within the nonselective deposit feeders, the genus Sabatieria comprises very large nematodes, and its relatively high abundance at station SetM is demonstrated by the increase in biomass of the non-selective deposit feeders with increase in sediment depth. A similar increase was observed at station CasM and was also attributed to increasing numbers of the genus Sabatieria in deeper sediment layers. In general, a greater relative abundance of non-selective deposit feeders holds true for various disturbed sediments compared to non-disturbed sediments (Schratzberger et al., 2009) . It is therefore not surprising that nematode communities are dominated by nonselective deposit feeders in relatively disturbed canyons.
Conceptual scheme for interactions between canyon conditions and canyon fauna
The results of this study indicate that there are interactions between the canyon conditions and the resident fauna. The data presented here are insufficient to model these interactions and quantify the drivers of meiofauna structural and functional diversity, but allow for the presentation of a conceptual scheme of the observed interactions.
There are indications that the Setú bal and Cascais canyons are less active in terms of hydrodynamic activity and sediment transport processes compared to the Nazaré Canyon. Evidence suggests that at relatively long intervals, these canyons experience strong, down-canyon flows, associated with high deposition rates, which can cause accumulations of organic-rich sediment of shallow-water origin in some locations. Aerobic decay of the sedimentary organic material occurs as long as the oxygen supply is allowed, resulting in reduced quality of the sedimentary OM as suggested by C:N ratios. Subsequently, anaerobic decay takes over, but is much slower, so a portion of the organic matter in the accumulation is preserved and anaerobic conditions persist in between disturbance events. Where accumulations are not deposited, the effects of the disturbance caused by the strong flows control the fauna. Such an interaction between the canyon conditions and the resident fauna is implied by high concentrations of sub-surface TOC concentrations and higher proportions of genera that are able to persist in disturbed sediments (e.g. Sabatieria, Acantholaimus, etc.) in the Setú bal and Cascais canyons compared to slope environments. Trophic analysis of the nematode community indicated that non-selective deposit feeders are dominant (in terms of abundance and biomass), presumably because of their non-selective feeding behaviour compared to other feeding types, which gives them a competitive advantage in exploiting lower-quality food resources. In addition, the multivariate community analysis revealed that the sediment-depth effect was of greater importance to community variability than other effects. This suggests that biogeochemical gradients along the vertical sediment profile are crucial in determining nematode community structure, especially in the deeper sediment layers and that differences in the sediment profile transcend larger-scale contrasts between canyons or water depths.
